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PHYSICS

ANALYSIS OF THE PROPERTIES OF TWO-LAYER MICROWAVE ABSORBING
TING BASED ON CARBON NANOMATERIALS

G. Mushkudiani, L. Shamanauri, B. Didebashvili

(R. Dvali Institute of Machine Mechanics, Georgian Technical University)

Resume. The properties and principle of operation of electromagnetic wave absorbing coatings are
discussed. The use of carbon nanocomposites in this field is shown. In particular, thin-film graphene is
distinguished by its lightness and can work in high-temperature environments. Composites of carbon
nanotubes, carbon fibers, magnetic metals and their oxides can provide improved absorption characteristics.

In this regard, attention is focused on double-layer absorbers, since incident electromagnetic waves more
easily penetrate double-layer absorbers. They exhibit much better microwave absorption capabilities.

Keywords: carbon nanotube; graphene; microwave absorber; nanocomposite.

12



30R@ (MK ™Md0S

9R065030S YIR056M3OL 3565bRIBIR(O 35b5L0SNNIBRISBO
RdLO3RIN LOJdHNZIR)FO

3obsbs dsboansdgogmo

(Lododmnggerml Bgdbogn®o 19bogg@lodgdol do@mdgdgmdmemaools 0bLGoEyE0)

@9b0993g:  2odmggarggmos  obsgamgmn  bodo@mgganml  dpobsdgms 21 Jo@memyog®do
Log g dogml do@myggmbyg 2024 Feosdwg s@lgdyer ©s33003905ms Imbo393900. o3 ©8330039050
42-74-Feoosobo Gogom s aodm@mggdyger dgdmbggzems sweagbol dgogase domgdgmo dJmbszg-
dgoom dgagboen 0dbs obisgamgm Lods@mggermls dmogod dobostigms [yeols gmggenfanoy@o
Lodgo@em bodygbols Imbsigdms dobs 60—86-Fanosbo Goggdom.

Lomobo@m 3m3309E 9O geo 3Gmy@sdol godmygbgdbom s dsmo LEsEoLE0 G0 sbognobols
g gao oagbomos dobs@gms [ymosbmdols d@sgomFanoydo dsbolioomgdangdols 3o0M539®-
@ gd0.

dom0 3G5JBo g0 aodmygbgdom Fyoeliadgy®bgm aoobas®0dgdgddo (Gmama 3 Ladgibogdm,
olg Lodgy@bgm ©s Lad@mgd@m m@asbobse3096d0) dglsdengdgaros dobostggdls s dom Lobsdo®mm
bmbyddo s@Lgd o do®dmEgdbosn®o s Lbgs bopggdmdgdols dglodsdolo @9d6039®-930bmdogy@o
dohggbgoamgdols sbylHgds; aoms sdobs, [ymol @gly@lgdols 3b0dgbgenmgsbo  (33er0egdols
‘dgdmnbgggedo — oo gdgeo 3693963090 @mbolidogdgdol ©sygadgs o WOMYmS© ho@o®gds.

bd3gobdm Lodgggdo: ©s330M39d5ms H0gdo; dwobo@gms Fymol bodxgdo; Fymol @gly®-
Lgdo.

dgbogogo

38003530l 3030bs®g aemds@y®o omdmds 0§g93L wgwsdofol bgosdodby Bgdsgas-
A1eol 5Fg35L o sm@mnJangdol JmdsGgosl. m@mJwmols 3mbpgblo@mgdol dgogas 0bOYds
0o3bbds 303950l Jgdmbggggdo, Goloi Imdyggds bmadyg wowpo Fysedmgs@obgdo. dpobsdggdo
2o©dmEol b530M9b0©8b, BdMAsgl Lobmgmm-Lodgy®dbgm Logo®a e gdl, Lsgbmg®gdgen Lob-
@gdls, bodgy®bgm bopgdmdgdl s Lbg. aods 5dobs, Ggddgas@yg®ols dmds@gosl msb sbansgls
d40bgo®gdols @bmds, bwgol @mbols (g3 s Lobsdo®m bmbol s@dm@gs. sbgmo 3GMm3gLgdo
2obLo3gm@gd e bosbl oygbgol wolbisgangm LoJo@mgganml, Lows dmbsgmobgamos bgys@o-
9H0 I9gagool Goliggdol aobdodgds. 5dol godm syiEogrgdgenos o s@lgdygao dpobsdggdols
Fyeosbmdol 3garggs gobarglbo dmbszgdgdols gomgomolifobgdoom.

do@omspo bsfogo

obogangm Lsdo®mgganml 3pobsdggdby s@bgdygm do@mamaog® Loy doamgdbyg ho@e-
@9690 LEASE0mbosdygmo ©s3300390900L dmboi3gdgdo 1981 ensdwyg a03md3g9bgdoyemos Lome-
bowe [1-4] 36mds®gddo. 53 dmbs3939d0L godmygbgdom Jowgdygeo LsdgEbogdm 3gemggol dgwg-
2900 35dmJ39969d0s dmbma@sgogddo [5-7], 1991 {ansdwyg s@Lgdyao dmbszgdgdols sbognobo
30 — Ubbgowolbgs 65d@mddo [8-10]. ol dgdegy Lodo smgygao Fgeos aobymo ©s o3 ©@mol

13



2obdogarmdodo [omdmgdym ©s33003905ms Imbso39dgdol sds@gdom s gomgsmolifobgdom
Loko®ms dpobs®gms Fymosbmdols bo®dgdol @obylGgds s gobobangds.

o>lobodbogos, Gmd 1981 Fanol dgdpgy dwobs®gms Fyeosbmdsbyg dodpobody ©s330039-
doms dmbo3999d0 s@o® aodmJg99bgd s s domo dm3mggds @3 0lg sgoeo oym o3 Lsgom-
boo  ©s0b@gglgdyao  dgiEbogdgdolsmgol. sdol aodm Jggg@bos Lomsbswm  LsdgiEbogdm
332093900 dobs@gms [ymosbmdols dglobgd s gomo®gds asdmlfm@ws Ibmenme Il dgdogy,
@53 dowgdyge 0dbs ,LoJodmggaml 3obmbo Fyeols dglobgd® [11]. 53 gobmbols dg-13 dybenols
dg9-3 396Jpob o) J39396J®do wogodbodgdymos, A™I ,,g0boggd ©s 0gGooym 3009l Y-
@gds> 530 Lobgedfogm m@ysbmgdologsb doommb LGyao, wOMmY@o s mdogddy®o 0bgme-
doi0s (ymols dpamds®gmdols dgbsbgd®. dbmame 53 3obmbols Logydggenbg 0dbs dm3mggdyero
Jpobosdgms [gmoobmdobyg 2024 Farsdpyg s@Lgdymo ©oz30039dsms dmboigdgdo  Lomsbswm
>doboliB®siEoyeo dmmbmgboo.

sbg ®md, sbsbyao Jobbols Jobosw(ggem godmygbgdnm odbs sobsgagm bods®mggenmls
do@m@emaoge Logydopmgdby Fomdmgdymo LEosEombs@yge w©s330039dsms ddsgse faenoy@o
dmbs399900, OMIggdoi 3bmdodgbols dobgogom gbgds 1982 Fansdwyg 3g@omels [1-4], bomeom
sbo®@hgbo dmbo3gdgoo (2024 Fansdwg) dowgdygmos as®gdml gemgbymo LospgbGmwsb [12].

Logg@owgdms ol god@o, GmI gobyemo Loygnbols 90-006 Fargdsdwyg wobisgangm bso®-
0g9erml dobs®ggdbg s@OLgdoyao 156 JoAmemaoyg®o ©s33003900L 39bJBgools dop0g3®ew,
Lomgobme 539bJ3ombo@gdls dbmame 10 Logydogm, boswsi 0bmdgds s@s Fymols bodx godo,
OMAMAO(3 oMY 0gm, sMsdge Fymol ©mbggdo, @mdgems Jobgogom Losmsbom a@dsgozgbom
begds Fyaol bodxgdols goblsbrgms.

33509306 d0bbols pomgogolifobgdom 10 dmJdgoo Logydogml aods, dgodhs jowgy 11
s>Mg I Jdgoo a@dga®oosbo ©s33003960L dJmbg Logydogm s domo Fyemosbmdols beo®dgbdols
ooy gbo© ho@ods dmboigdms Lomsbswm sbsgnobo. dg@bgyen dobos®gms s domo [ysan-
99930960 >9bgools do®ma®sgoygmo s dJoglmdgdMoygmo dobsbosmgdagdo Jmzgdygemos bo9-
&mddo [13].

dpobosdgms Fymol gmggeFaeoy@ bodyxgdbg dmboigdms sbsgobom goodjgs, Gmd 90-
0560 Fangdol dgdpgy @gauosdy@o  ©s3300390900 dodpobsdgmdes 1997 (ansdwg dwobs-
0990bg: Gombby, ygoMomsby, dJodygmsbyg, bobolifyselbs s @Ggby@byg. dob dgdwgy ©s3300-
390900 sy s 2008 Ferowsb aop®dgmes 2013 Fersdeg d. Mombbyg dogsmopmsb. dbmenme
d. ygo@omsbg — Lohbg@glmsb, s@oli 9§y39H0 @oyo ©s3300390900Ls 2008 (enowsb wgdwg,
bogoe 2021 Fenoob s@eygboeos ©s3300398900 d. Gombby — se03sbsbmsb, . Bgbyd by —
borJogmsdggmob s 3. Lygloby — hmbos@oy®msb. sdo@sdo 1991 Farowsb gFyg9@0eo s 3-
300396900 aobsbenrs Ibmenme 2023 Faowsb dw. sko®olyoembyg — Jgooslmsb.

0533003905ms sbigmo dFodo 0bxgm@dsiz00l dgglgdobs s wsgg0Mzggdsms godmEmggdeeo
‘d9dmbggggdol s@ygbols Jobbom hoGodws sbogrmy dwobsdgms dogds domo Fyanols Fanoy@®
bo@xgdbyg oMo geny@ ©s33003905ms 3mbo39dg60L YO0 gA™M 3ogdoMgbols gm®gas30g®o Sbo-
obom. dog®sd 0dol aodm, OMI obsgmgon Lods®mgganml dpobs®gms Fyemosbmdols gm@do-
960l 300Mmd9d0 0bEogoYsSEYAMbom as53m0®hggs, sdo@md doom dn@ol gogdodgdo bybRos ©s
bma0g0m0 dobo@ols Fymols Faroy®d bodxgdbyg ©o3300390sms s@Eagbs dgydagdganoi  gos.
dbmame Ikop®m jogdodgool dgdmbgggsdo gobes dglbsdargdgeno a®oxgo e 0b@g®dmaszo-
ol Igonmeols 2s3mygbgdom sdm@Mggdym ©s330039d5ms dgdmbggggdol swwaqbo.

I-go 3b@ogndo dmi3gdygmos yobbogya dpobs@gms bowsd go@ggdam dow®myggmgdby
Fygeools Lodygognem Feroy@d bodxgdbyg os@bgdyen ©s33003900ms () ©s godmBmggdye dgdmnbgy-
oMo >y 9bols dggaom Jmbsigdms gobbogogemo Fangdols Gomegbmds (N). Gmam@ (3 06339309,

14



yggeoobg oo @oygdo (86 (garo) dowgdymos de. 9byydbg boodmsb ©s dp. @ombol 3

d0MM339m5bg (s@03sbs, bsdmbgobo s komsowo), oo @oggdos (84 {gao) sadgmgg .

430M0e5bg (bohbg@gbmsob s bgbBogmbmsb) ws dp. dodygmsby — Fgzobmsb. yggamsbg oy

(56 (gero) dmbogdms @oggdos dw. sko@olfysembyg byemlbmsb s Jgosbmsb.

5dM0y00, slogmgmn Lodo@mggmml dwobs®gms Lodygsmm Faoyd bodxgdbg s@lgdge

3o@o@gay®  (0533003905ms dmbo39d9dL dm@ol gm@gesoy®o  gogdodmgdom  asdmgen gbogn

06> sbogrmao dobs®ggdo. o3 Fwobo®ggdols Fyamol gmggeferog@o Lodygsmm badxgdol

205803900 0b@gA3m@siz00l dgmmeon dmbs godm@mggdyge ©sggodggdoms dgdmbggggdols

Feog@o bodxgdol seygbs ©s dobs@gms Ladygsamm faoy@o bodxgdol 360dgbganmdgdols
dasgo@anoy®d (56-86 (F.) dmbsigdms dobol dgoagbe.

Esbsgmgn Lodstmnggeml dpobs@gmns Fymol Famoyg® bodxgdbyg salgdygeo

©543003989%0Ls (n) s SPEygbomo Fargdol Lyg@me @SmEgbeds (N)

3bGogo 1

Ne dobody - 39bdpo Ui;@(;’éz’ ©o33063950b Fagdo n | N
1 | 3bogo — xoGbgs 1410 | 1932-1942, 44-90 58 | 60
2 | goomGo — @msns 1420 | 1931-1933, 35, 37-90 58 | 60
3 | 96399®0 — booBo 2780 | 19381940, 42-43, 45, 47, 49-52, 54, 57-90 46 | 86
4 | ®ombo — san3obs 2830 | 1919-1922,27-4, 36-37, 40-50, 58, 54-93, 22-23 69 | 86
5 | Gombo — 6odmbgsbo 3450 | 1934-41, 53-60, 62-98, 2008-2013 59 | 86
6 | Gombo — Fomowowo 13300 | 1928-1943, 47-98, 2008-2013 74 | 86
7 | 93060as — Lobbgdy 533 1931, 33-35, 37-39, 47-81, 91-97, 2003, 08-19 42 | 84
8 | ygo®oms — bgliBogmbo 2490 | 1931, 33-35, 37-93, 2006 62 | 84
9 | dodgans — T30 1190 1932, 34-35, 38-43, 45-97 62 | 84
10 | bobolfysmo — ds@@smo 655 1937-1997 61 | 61
11 | gbgbolfgsmo — @0 506 19341942, 49-50, 55-81 38 | 65
12 | 3bgbolfy. — @Ebdgaay@o 1450 | 1935, 37, 39-40, 5053, 58-90 42 | 65
13 | gbgbolfysmo — bowo 1950 | 1930, 34-35, 37, 4046, 48—59,61-88,90 52 | 65
14 | Bgba@o — boJomssggo 558 19381942, 44-92, 94-97 60 | 67
15 | bygbs — Bobs@ogdo 316 1941— 1948, 50-93, 2022-2023 54 | 60
16 | Lyggbs — bowdspogns 1100 | 19401985 46 | 60
17 | 6506930 — Bo@obgdo 469 1931-1932, 34-90 59 | 59
18 | 306B®0d0 — jobo 191 1940-1990 5159
19 | mGobo — 9oy 22100 | 1930-1990 61 | 61
20 | s3o@0b{gomo — boyanem 251 19421981 39 | 56
21 | skoGolfysmo — Jgo 1360 | 1937-1991, 2023 56 | 56

od dmbo399950l LEsAoLE03 M0 sbogrobol g gasw, Lomsbowm 3md30y@geO Yo 3G my-

@530l [14] aodmygbgdom, domgdyen odbs @obsgangm bLods@mggenml dpobsdgms 21 dop@m-

@09 Loy dogmbg domo Fygmol Lodygomem Farogdo bodxgdol d@sgsgFenoydo dsbslo-

509890 350539370 (3bGomo 2) ©s dwobosdgms Fymosbmdols bodds (Qo 3%/§9):

Qo =X, Qi/N.

15

(D



Fyeol fmog@o bodyxgdol bodgomm jgo@odnmo aswob®s (o, 3/7d), Gmdgmoi s@ols
dohggbgdgero Fyeol bodxgdols ymggen fanoyg®o dbodgbgermdgdols gogsb@yemmmdols dolo Lsdey-
>en 360dgbgamdosb (be®dowsb), godmosbys®odgds Ge@Iygaom:

o= / L1(Qi — Qo)*/N. 2)

Femoyg@o bodxgdol go@osizool 3mggnoiogbdo (Cv), Gmdgmoig ohggbgdl Fyemol bodyxgdols
4ymggeoTamog® (330@9b50mdsl, gobolobmgmgds Feoy@o bodyxgdol jgo@s@Gymo aomsb@ols
d9gno0©gd00m Job bey@IsLmsb:

Cv=0/Qo. 3

Cs Jaogco bodxgodol sLodgdmool 3mgno30gbHos, Gmdgmoi sbobosmgol Fyaols bom-
%900l gmggeFeoydo (335 gdomdols sbodg@@oymmdsl dob bsdysam d@sgse Panoy® dbo-
3690 mdolmsb. 3mg803096@0L goobas®odgds bpgds gm@Iygaon:

Cs= 2 (- 1)/ (N- 1) Cv. )

d9-2 3bGoado Inigdygmos Jpobosdgms Fymols Lodygsmm dBsgomFemoy@do bodygdols

9JbEHOgdsmag@o 360Tg69emdgdoi: growglo, 569 dodlodsma@o (Qmax. 373 ws 9dizo@glo,
567 d0bodsgneg@o (Qmin. 3%/73) 360Tg6gamdgdo.

dobs@gms bodygogm IDsgomFaoyg®o bodxgdol 3 3@o@ogygeo dsdlodsay@o (Qmax.)
> d0bodsgy@o (Qmin.) d60dgbgemdgdols bbgomdom doowgds domo dBsgoFaoydo Gyggols
533@o@ s (A 3%/(3), ®mgenlsi dpobo®ol Fymosbmdols sdlmma@nd sd3gmod sl 9fmwogdgb:

A = Qmax. — Qmin. ®)
dobs®ol {yamol goopgbo s 9dxodgbo bodxgdol Jggotegdon go gobolsbrgmgds dolo
Tye005bmdol s@omobsd@mdol, 569 s@sdwadomdols 3mga0i3096@0:

B = Qmax. / Qmin. (6)

>bobodbogos, MM sbogmmgoyg®o jgarggs o Jpobosdgms Fymol Faoygdo bodygdols
aobobegdyao doboslosmgdangdo s@dmbsgegmn Lsds@mnggaeml dwobs@ggdolsmgols dmgdygmos
bodO™MITo [15]. Logy@opmgdms oloz, ®m3 sbsgamgm LsJo@mggaml dobsdggdby gogeowo
Fyodmgodbgdol  googlbo doflodogy@do  bodxgdol gobobamgdymo  3o@sdg@gdo, 2023
Feoodpg s@lgdymo dmbsigdgdom, [omdmwagboaos bsd@mddo [13].
3b®ogoo 2
©>Logmagm baJodmggmml dpobs@gms Fymol Lodgomem Fmon@o badxgdol (Qo, 3/F9)
3obsbagdgmo 35@539@Mgdo 2024 Fenodpg s@OLgdgm ©s3g0Mzgdsms LGsGobGogy®o
dbsgmobols dobgogom

c )
! e e n =
€ £ 2 e c c o
2 o c 4 Pl > o
S |¢€ g c > £ & 2 g2
Ne dobsdg — 39630 g = 4 g = & D 2 5 ;‘c% %(LZ@
S £ < ] e S & . 2 < E ¢
€ Sl = S o) s © £ 2 o
2 w0 2 <4 5] < 2 7 ° AV
82 Y= 2 £ £ % = = “ES
= & © >
F N QO Qmax Qmin AQ Qm CV CS B
1 | dboggo — xocdbgs 1410 | 60 | 976 | 154 | 60.6 934 180 | 0.18 | 0.67 2.54
2 | 3MEMA0 — @smS 1420 60 | 922 134 | 685 65.7 4.1 | 015 | 0.62 1.96
3 | gbay®o — boodo 2780 | 86 122 | 220 | 40.0 180 323 1 027 | 029 55
4 | Gombo — ogn3obs 2830 86 104 198 | 66.1 131 193 | 0.19 1.36 30
5 | Gombo — bodmbgobo 3450 86 147 | 219 | 90.0 129 270 | 0.18 | 0.51 243
6 | Gombo — domoEowo 13300 | 86 | 429 | 792 | 224 | 508 | 90,1 | 021 | L15 | 279
7 | gg0@0ms — Lobbgdy 533 | 84 [ 167 | 252 [ 770 | 175 [ 337 [ 020 0,70 | 329

16



8 | ygodoms — bybBogmbo 2490 | 84 | 60,0 | 934 | 300 | 634 | 148 | 025] 027 | 3,10
9 | doGgms — Fggo 1190 | 84 | 23,1 | 368 | 128 | 240 | 6,00 | 024 | 027 | 288
10 | bobobifyomo — do@eomo 655 | 61 | 157 | 237 | 850 | 152 | 330 | 021 | 030 | 279
11 | 3bgbolbfyomo — mexo 506 | 65 | 238 | 348 | 163 | 185 | 446|019 | 060 | 2,13
12 gij?g‘(’)b‘?““"\“" — OGbyr 1450 | 65 | 67,0 | 112 | 412 | 708 | 136 | 026 | 081 | 272
13 | 3bgbolfgomo — bowo 1950 | 65 | 563 | 118 | 23,6 | 944 | 221|039 | 0,63 | 500
14 | Hgbgco — bodogosggo 558 | 67 | 337 | 47,7 | 187 | 290 | 659 | 020 | 038 | 2,56
15 | bgabs — heobos@og@o 316 | 60 | 13,7 | 243 | 800 | 163 | 2,79 | 020 | 0,85 | 3,05
16 | Lyabs — bowdspogs 1100 | 60 | 48,7 | 950 | 295 | 635 | 102 | 021 | 1,69 | 322
17 | 6o@obgdo — bo@obgdo 469 | 59 | 250 | 368 | 1,6 | 252 | 487 | 0,12 | 0,19 | 3,19
18 | 30bH®0Bo — jmbo 191 | 59 | 131 ] 196 | 760 | 120 |253] 0,19 | 022 | 2,60
19 | m@mbo — 969 22100 | 61 | 274 | 409 | 159 | 250 | 502 | 0,18 | 0,56 | 2,57
20 | sxoG0bfyomo — byymem 251 | 56 | 806 | 125 | 160 | 109 | 246 | 030 | 045 | 7,67
21 | skoGobfysgmo — Jows 1360 | 56 | 463 | 69,1 | 230 | 46,1 | 9,77 | 021 | 031 | 3,00
slggbs

5dM0y00, dobs®gms 21 Lowsdigomggdemm domdmygggmbyg dglfogemogos obogmmgmn bo-
Jodmggeml Tyanol Lsdysenm Faoy® bodxgdbg s@ligdyemo ©s33003900ms dmbszgdgdo 1919-
56 2024 (ansdg. o3 dmbo39dgdols sbognobom goodggs, @md golgamo boyggybols 90-05bo (ang-
dosb d97g39@ 00 ogm dpobs@gms Fymol bodxgdbg Ggygas®yeo ©s33003909d0. 2008 §evo-
©5b dbmgrme do. @ombby — ko@somsb s d. yzoMomsbg — Lohbg@gbmob swoas ©o -
300396960 domo {yaoli ©mbggdbbyg. 5dol godm d@sgoan dobs@gbg s@ol oz30M3900ms odm-
AM3zgdeo dgdmbggggdo. domo sewygbols dobbom godmygbgdyan 0dbs Sbogrmy dwobs®ggdby
35@og gen Y@ ©o330M3905ms dMmbs39dgoL m@ols YOMogAm gogdodgdo. koM MA@ S304M0
3°3d0M 930l dgdmnbgggsdo a®ogosgmo 0bGgmdmesiool dgmmeol asdmygbgdbom dJmbos @sdm-
A™39099e0 053300396950L s@Eagbs s gygboa 0dbs @sbogmgm Lodo@mggarml dwobs®gms
Fyemols Lodgogm Faog@o bo®yxgdol IMsgs@Fmmoy® dmbsigdms dobs 60-86-Famosh ©s3g06-
39050 03 9b00.

53 M0 960l Lomsbo@m LEAsEoLE039M0 sbogrobom s gbsdsdolo 3md3oy@ g gmo 3Gmy-
Godol godmygbgdom aobolsbwg®s dwobsdgms Fymols Lodgomm Faogdo bodyxgdol dobsbos-
090 g0l 35M539BMgd0: Fyeol Lsdygogm Fanog@o bodxgdol bmn@dgdo, domo Lbsdygsgem 3gsc0-
OoH Y0 goob@gdo, goMosiools ©s sbodgB®ools 3mgno30gbdgoo, dwobsdgms Fymosbmdols
9JLEO o g@o (growgbo s gdEomgbo) 3bodgzbgermdgdo, domo dBsgsmPaogdo Myggols sd3go-
BYgd0 ©s Fymosbmdoli s@sdpa®omdols 3mga0(3096@9d0.

dobodgms [ymosbmdols domgdygeno dobolosmgdemgdols aobobangdymo 3o@Msdg@®gdol ao-
dmygbgdom dgodengds ©s3m@9]B0M©gl Tyseladgnmbgm gosbasmodgdgdbo Gmam® 3 bsdgibog®m,
obg bLadgy@bgm o LadMmmygddm mmasbobs09ddo, dobs®ggdbyg s@lgdoygmo do®m@gdbosyco
0609JBgools ©s bobsdo®m bmbgddo boggdbmdoms Ggdbogym-930bmdogydo dshggbgdengdol ©o-
bybEgdobomgols, domo LFm@o s 9839]@d9®0 gJbdego@oiEools s Ylog@mbmgdols 9b@ybggen-
g4ogol dobbom. ao®ws sdobs, Fymols Ggly@dlgdols dgggmdo 3geoagdols dgdmbgggsdo dowmg-
00 30MadgB®gool dobgwgom dglodangdgaro aobws syEo@gdgamo 36939630 eo @mboldo-

90960L o gadgs S EAMYESE hoBo®gds.
ROBIASBI®S — REFERENCES

1. Fundamental Characteristis of Hydrology. Vol. 9, Issued 1, Leningrad: GIMIZ, 1967.- 460 p.
2. Fundamental Characteristis of Hydrology. Vol. 9, Issued 1, Leningrad: GIMIZ, 1977.- 358 p.

17



Fundamental Characteristis of Hydrology. Vol. 9, Issued 1, Leningrad: GIMIZ, 1978.- 300 p.

State Water Cadastre, Vol. VI, Georgian SSR, Leningrad: GIMIZ, 1987. - 416 p.

Water resources of Transcaucasia, Leningrad: GIMIZ, 1988. - 264 p.

Georgi Khmaladze. The Water Resources of Georgia. Tb., 2009. - 43 p.

L. A. Vladimirov, G. N. Gigineishvili, A. L. Javakhishvili, N. N. Zaqarashvili. Water Balance of Caucasus

and its Geographical Regularity. “Man and the Biosphere”, Tb.: Metsniereba, 1991, - 142 p.

8. Ts. .Z. Basilashvili. Flow Forecasting of Mountainous Rivers (on the example of Georgia), Fund of the
TSU, Tb., 2002. - 304 p.

9. Ts. Basilashvili, M. Salukvadze, V.Tsomaia, G. Kherkheulidze. Catastrophic of Flooding, Mudflow and
Avalanches in Georgia and their Safety. Tb.: Georgian Technical University. 2012. - 244 p.

10. Ts. Z. Basilashvili. Disastrous Floods on the Rivers of Georgia and their Safety. In Book: Basilashvili
Ts., Salukvadze M., Tsomaia V., Kherkheulidze G. Catastrophic of Flooding, Mudflow and Avalanches
in Georgia and their Safety. Tb.: Georgian Technical University, 2012, pp. 21-111.

11. Georgian Laws of the Water, Ne 936, 20/07/2018.

12. Department of Hydrometeorology of National Environmental Agency. Tb., 2024.

N kW

13. Ts. Basilashvili. Updated maximum flood discharges for hydrological calculations of the rivers in Western
Georgia. International Scientific Conference “Complex Geophysical Monitoring in Georgia: History,
Modern Problems, Promoting Sustainable Development of the Country”, October 17-19, Tb., 2024, pp.
64-68. http://dspace.gela.org.ge/handle/123456789/254.

14. Ts. Basilashvili. Statistical Analysis of Variables and Selection of Predictors for Prognostic Relationships.
Annotated Index of Algorithms and Programms. World Data Center. Obninsk, 1977. - 43 p.

15. Ts. Z. Basilashvili. Updated Parameters of Average Annual River Discharge in Eastern Georgia. Scientific
Reviewed Proceedings of the Institute of Hydrometeorology of the GTU, Vol. 136, 2025. DOI:
doi.org/10.36073/1512-0902-2025-136.

HYDROLOGY

REVISED CHARACTERISTICS OF RIVER RUNOFF IN WESTERN GEORGIA
Ts. Basilashvili

(Institute of Hidrometeorology of GeorgianTechnical University)

Resume. This study is based on hydrological data collected up to the year 2024 from 21 monitoring
stations across Western Georgia. The observation periods span 42 to 74 years. After eliminating outlier events,
a robust dataset was compiled reflecting the average annual river discharge over a 60 to 87-year period. Using
specialized software, statistical analyses were conducted to determine the key parameters characterizing river
runoff in the region.

The derived parameters can be practically applied in hydrological calculations within scientific,
agricultural, and engineering organizations. They enable the refinement of technical and economic indicators
for hydraulic and other infrastructure located on or near rivers and their flood zones. Furthermore, in the event
of significant changes in water resources, timely planning and implementation of essential preventive measures
become feasible.

Keywords: observation series; river discharge; water resources.
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MINERAL GEOLOGY AND TECHNOLOGY

GEOLOGICAL-TECHNOLOGICAL STUDY-EVALUATION OF GURIA CLAY
MINERRAL OCCURRENCES FOR THE PURPOSE OF THEIR
COMMERCIALIZATION

M. Tkemaladze, N. Gegia, T. Rukhadze

(A. Tvalchrelidze Caucasian Institute of Mineral Resources, 1. Javakhishvili Tbilisi State University)

Resume. The results of geological-technological research of little-known unlicensed clay ore
occurrences of various types in the Guria region are discussed. Due to the complex tectonic structure of the
region and the diversity of the stratigraphic units (including the Upper Cretaceous- Quaternary), the
occurrences presented are different both in terms of mineralogical-petrographic composition and genetics.

Some of the ceramic and bentonite clays of the region are ecluvial, while others are formed
hydrothermally. A distinctive place is occupied by clays associated with weathering crusts similar to laterite,
which are widespread over a large area.

As a result of technological research, it was determined that ceramic tiles made from mixtures obtained
from Guria polymineral clays with the addition of obsidian fully meet the strict requirements of modern
standards and can be used for cladding both the exterior facade of a building and the floor and interior walls.

Keywords: bentonite clay; ceramic clay; ceramic tile; density; firing temperature; geology; plasticity;
porosity; shrinkage; technology; volcanogenic-sedimentary rocks; water absorption.
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ENERGETICS

PURPOSE AND ACHIEVEMENTS OF THE ENERGY SECTOR
M. Pirtskhelani

(Learned Secretary of the Commission for Studying Mountain Problems of the National Academy of
Sciences of Georgia)

Resume. The dissolution of the unified energy system had a negative impact on Georgia’s energy sector,
as well as on the entire Soviet system. Georgia was not prepared to manage its electricity system independently.
Unfriendly political relations that emerged in the 1990s adversely affected the operation of spare-parts
manufacturing plants, which were mainly located in the Russian Federation. These enterprises either lacked
the willingness to produce and supply spare parts to Georgia or raised prices to such an extent that their
procurement became impractical.

Internal political confrontation also emerged in Georgia. The energy sector became a “bone of
contention.” Corruption took root both in small distribution networks and at higher institutional levels. The
majority of the population proved unable to pay for electricity services. Particularly severe disorder prevailed
in the metering and accounting system. In some cases, entire districts were disconnected for weeks or even
months. Tensions were artificially escalated. Electricity consumers—especially households—were so
exhausted by persistent power outages that they agreed to increased tariff rates. Society also consented to the
sale of energy facilities. In short, it fell into a trap. Naturally, all these factors had an extremely negative impact
on the overall condition of the energy system and also hindered the development of various sectors of the
national economy.

The capacity of the energy system declined on average by approximately three times, while electricity
generation was reduced by half, and overall production fell to the level of the 1970s. This situation represented
a major mistake and tragedy for the authorities, energy professionals, and consumers alike. Ultimately, only a
small number of individuals benefited, enriching themselves at the expense of others’ hardship.

Keywords: capacity; electricity; energy sector; energy system; hydropower plant (HPP), power plant;
voltage.
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MATERIALS SCIENCE

NANOSCIENCE AND NANOTECHNOLOGIES, ACHIEVEMENTS AND PROSPECTS
G. Otarashvili, K. Khakhanashvili, Z. Sabashvili, A. Japaridze

(Georgian Technical University)

Resume. Principles and achievements are discussed in the field of nanoscience and nanotechnology,
nanoscience studies nanoscale systems; in particular, the issues of creating and improving such molecular
building blocks (MBBs) that are used in nanotechnologies. Nanotechnologies make it possible to
systematically organize and manipulate the properties and behavior of matter at the atomic-molecular level.

It is worth noting that in the study of nanosystems at the atomic and molecular levels, new inventions,
discoveries and breakthroughs are quite common. Based on the known latest achievements and future
prospects, nanotechnology is presented as a powerful tool of science and the future of technology.

Keywords: fullerene; nanotechnology; nanotube.

45



50b6JLO

3356533300300 FD(M8, BMBIMAG S@5IBIIBHIA0 LBEASBIBOIR0O Rd53JB33NL
06R0353M®0 LOXSO™M LIIHMAP0): 30DIbEIRIFM3B030 565R0DBO

8030 ®RPhody
(053000 5@d5Tgbgdaols Lobgarmdols bods®mggerml gomgbymo megosigol ogowgdos,
>mdmbogmgm ggmm3ols 9bogg®lbo@g@Ho)

@9b09939: gobboagamos Loxs®m Lodboby®do bgasbsgggmyg®o IOHmIols ggbmdgho, Geym®3
JdoMmggermdolbs s LHOSGYR0gmo  ©opgad3zol  oMog8gJB O™l 0bwogs@m@o.  3ganggols
>JBH o gdmds 25b30MMdgoygeos boxo®m Lgddm®ol Jnwg®bobazool bago®mgbom, Low@sz sos-
dosby®o  Oglig@lgool  m3@0dsgyg@o dodmgs Lobgedfoxgmgdb®ogo Jpa®smdol  Lsgdggeos.
65dOMIols (396@H@>Ey@ 303mmgbol [oddmawagbl InLob@gds, G®mI LolEgdody®o bgasbssgg-
05960 Lodygdom s@s Jmbgagms 3OM @ 0gmmdol, s@sdgo dgbgxg@gmo hogs®wbgdols (3Gom@o-
A969o0l b99bemgsbgbols, s@sL{mM0 gagaodgdols s ,,6099MM3ASG0Y0 0bgd 00 Jue@y-
@ob) dggaos.

ho@omgdygaos 33emg3gdo, Gmdmmgdbdoi  godmygbgdagemos mgm@oyeo dmwgargdolbs (Mo30m-
bogoy®o  oggadas, gbyg@lgdoby ©oxrndbgdygemo bgwgs) s gddo®ogmo sbogrobols Lobmgbo.
33829300 Bo@a@gddo gosbogrobgdbyemos 3y domdol L3gog04s LodobolG@mgdls s dygbozodsaro-
G900 do, Lowsi 3mmodogg®o [bgbo bdods@ obsigegdl LEHMoG a0y aomgmgdl. doMomswo
dopabgdgdo dogmomgdl, O™ bgasbsiggmygdo d@mds ofgggl 3Gmgglogen assfgel, bowols
RoGodo  dgaemdgdol @olgl s 0fgggl oo jgomoxoEogo  Jo®gdols gowobgdol, Go@
Lobgard{ogmbongol goden 9306m304996 ©5bs3oMal To®dmomygbls.

hodmygogodgdygemos 3G om0 @93mdgbos30g00, dosm dm@ol Igbgxg@ms dgaeligools Lol-
G990l BMsblgmOds30s, Lodydom 3Om3gLgool 308G Ym0 Mgobgobg®os ©s ,a5m0d30L YR gdbols™
(Right to Disconnect) angaseobsios. slodgmgdaemos, @md Loxo®m ddo@mggermdols dmwgeno

9bws 9939dbgdbmwgl & 330060 3Ydomdols™ 30b30390L, Lowsi LE®SAJH0Ymo ©oygadgs swsdo-
3byg®o 3o30@ogols @s3gobs s 0bLGGHYEYM0 989JB O™l Ydmsgdglo AoMsbHose.

boggobdm bodgggdo: sesdosbyg®o Ggly@lgdols dodmgs; bgaobsgggomygdo dOms; dgbgxg-
@90 989JAYOMbs; Igboiodsmyg®o gbgx.dgb@o; 3OMmRgloymo ,a505F 35" boxs®m do@mgs;
BHOSHIH0IL0 @950

dgbogogo

05b53gMM3gg Loxs@m ddo@mggermdol ggmanyiosd Lobgandfogm 0blGodgdgdol Fobsdy
sbogno, 3md3engly@o Immnbmgbgdo osygbs. gl Loxs®m LgBm@o seo® asboboengds dbm-
@emE LBEHSA03900 d0g0maas@oygeo s35@Ms@ol Lobom; ol s@ols @obsdogyg®o LoliGgds, @md-
@obpobsi Lobmgopmgds doflodogy@d m3g@dsGoyge 9839J@YOmosbs s @gby@lgdol m3Eo-
dogou@ bodxgol dmombmgl. o3 3mbRgdbGdo swodosby®o @gly@lgdols Jodmgs bpgds ddod-
0ggemdols bg@bgdogo. mygdis, Jodmge s Log@msdm@obom boxs®m Lsdboby®do jgamsg
@hgds ghmo gBoBoggmo godm{gggs (LobEgdo@ydo bgysbsgggmydo dO™Is), Gmdgeoi bdo-
@5 ,,q9boansg 3GMdagdo® dmobligbogds.

46



bga5b533909@0 O™l 5B omydmds Lomgds dbmame JOmdomo g gdgdols ©s-
330L bgg@ml. 39bgxdgbBol dgEbogdgdols d@oendo Lodydom Losmgdols s@os@siEombogrgdo
bOs oMol ,,b0d3FMIo“, AmIgaoi Josbodbgol Mm@ASbobsEogmo bsjombgdol @M @IS
bogemmgobgdoby (LAH®o@ a0 oy9adzol ©gn0EoRbY). OmEglsi boxs®m dnbgmggdo Gg-
3O Yms©  39domdgh  oEygboen  @Mby gL, gl 0doby dogmomgdl, GmI  m@ysbo-
boioygero dJobbgdo, s@lgdygmo @9lydlgdo s MMomo ho®hmgdo gHmMIobgmmsb wolmbsblidos.

Logombol 5J@gomy@modsl 3oy 9uem 53dog@gol golbgsmyao gyobbmdoggds. bgysobs-
3390960 bs3dgdoml sbobroy@gds bOol Lodoygxgdm ©sbsbo®xgol, myd3s, 3s@opm Jlgeos,
Omd gl @obsbo®Mxo ymggemgol 5@ solobgds 3OmEYJHogemdol bOom. 3oMoJom, 338093900
>obEAY@YOL, OMI dosmaomo 3gObmbogo yu®m Igf dgaemdsl 9dgzgol, GoE MR 0 Y
0lg-goJBmao© 0d3zggs bmedg asblsggm@gdbom megosigols s glog®mbmgbol Lgd@ma o,
bowo dgaemdol golo gamgbyao 360dgbgermdoliss. dglsdsdolow, Fobsdwgdodyg LEsE0sD0
35063 0bgdymos bgysbsgggmy®o IOMIs oGS AMYM® 3 0bwogoysey®o dmbgmol dBmIol-
dmygoM9mbol godmganobgds, s@odge Gmam®G 39bgxgagmo Logdosbmdol dgxsligdols obwo-
3oBMA0.

»boxo®m Lgddmado LobEgdo@dydo bgasbsiggmydo dOmds 30MS30M3OM3MAB0YED o3
‘do@dos LHM>HYR00 ©oagadgols s m3gasgogmo dgbgxdgbGol odsa bo@olbmsob. @3
YBOM  bybpmgsbos m@ysbobszogmo 3Mom@oFgBgoo s ©gmgyo®géol dgdsbobdgso, dom
RO Jo@ogos 3gOLmbogol 0dygagdomo ho@mygemds s@sbodydom bosmgddo, Go@ a®dge-
go05b 390l39]B0gsdo 0fg393L 39bgxgd Yo 989G MMl ga®owsEosl.”

>0bodbyao 3odmmgbs gydEbmds 03 ©sTggdsl, @mI gx9]@g®o Igbgxgto s@ol @g-
LbygAbgdol ,,m@396GOSAMO . M9 MO gLbEGo  Igedoge ,,M939B030900L*  (bgaobsiggmyco
‘dHmdol) bodxbg sbgdbgdl dgogaol Jo@{ggal, gl 0dsls b0dbogl, MM woMogmal (Igbgxg®ls)
5@ aoohbos Lodydom 3Gmglbol do®mgols Igodo LEHOSAJH0s dJodmmgbol sbsd@goEgdemsw ob
o logmao. 33emg3s Bm3glodgdyamos olgm bogombgdls s 3ombggdbg, Gmam@oiss:

o 1LEOGI0o Ygbsdsdolmds: sOlgdbmdls my oMo gmdgmsios gFggdol LodmJdgom yga-
dgols o @gogy@ Lodydom oRgo@mgol dm@ol? @odwgbse bdodse s@oli bgaobsg-
390900 dOMmIs 25339900 ,,dmgemEbgmo® ©sgsmgdgdom, MMImgdoi LEHMSA Y00
29830l Jodss?

o 396gxg0gmo 3m33gBgb305 S I GA0MgdS: Mo Aogargbsls obpgbl gbgxgMol dogd
396309005 5@omsbodos®o  yosbsfomgds  bgasboyggmydo Lodydosmlb Fomdmdmdsby?
>0l my oG gl dgbgxg®ol IbMosb jmb@@maols wsjo@ygol ‘dodo (dJo3emdgbgxdgb@o)?

e mH560bs30Ymo @EYBS ©S ,8LggEM-98gJA O™ stols g oMs Laxomm 9fyg-

396do ©533300Mgd gm0 gY@AY@S 0, Lo@siE 3305bmdsdog wo®hgbs s@oddgds 3GMYg-
Lombseobdols bodobow, dogbgsagsm 0dols, bo®Eogm©gds My @ od WAOHML Agomy@o

30m9]Bogmo Lsgdosbmds?

*  94mbmdogy@o 3o@ao Jgmgdol 3mgx0(3096@0: Mo gogmgbsl osbegbl Lolidgds@ygmo bgye-
bogggmy@o dOmIs 3g@bmbognols 3OmEYJ@ogmmdsby @gslosmosbo dydomdols dgdwge
©> M5dEgbo 50g335HYM0s 53 POML goFgumo Bobsbliyg®o wsbsbomyxgdo?

o L3535 @ ©gbomds: Gmam® solobgds bgaobsgggmyg®o IOMIs Jop@dgdol dgbo@-
h96960L (@9@9b@0mb) dohggbgdgembg s Mo Godyen badxgdl ¢Jdbol gl Lobgedfoxgml
sbogno go®gool dmdbowgdols ggmnbom?
>0bodbygao bsgombgdols dgLfsgenols Jobbom asdmygbgdye odbs mgoligd®ogo s Gomy-

bmd®ogo 3garggol 3gomegdo. 3g@dme, asbbm@zogmos Loxs®m 9Fygdgdol (dsm dm@ols msg-
o330l bgd@dmmol LodmJoesdm @ymarol) dogs @gages0gdol sbogobo, hs@o@ws boygdbdgdo

47



Lodygoemm s bgos dameols dgbgxgdgomsb s dmbps dmbgegms godmgzombgs sbmbodydo
30mbgo®gool dgdggmdoo.

obg @M, ggenggs Jobbo obobogws d9bgxgdgdolbmgol 3Gs]Boggmo G93039bwsz0gd0ls
3939353900, My Aeym@ ¥bos aodsdbogrogem Lodydom ao®gdm olyg, GmI bgyobsiggmycdo
VOMI> YmggeEog@mds o 5@ asdbos®oym, s@sdge 0dgosmo godmbsgerolio, o3 30GEs30@
sobobgdmes Loxs®m Lodlobydols dpyds@mdolis @o 989JdO™MdsbY mobsdgodmgyg godm{gg-
3900L }mbby.

do@omspo bsfomo

LEA®oG g0 ©oy9adgol Lboxs®m ULgJdm®do ©obiodmobodmgdygeo dognolibdggs Ldo®-
©gds obgmo Rubesdgbd o gosTyggdomgdgdols ©s Jdgpgdgdol dobowgdsw, @mIegdo
2oblobg@ogl, g @ol Fomdmowagbls m@asbobozos, @ol 539mgdl oo s @obmgols [1].
b9a5b533909®0 IOMIol sOLgdbmds mgmGoge ©mbybg bdodop asboboggds Gmam@ 3 0dols
bodsbo, @mI LAOSEYR0@o o gadzol ghm-gomo  Jggdmm dmEgdgero Jmpgeno 9Fygdsdo
sO5L{mAs© s@ol 0d3angdgb@odgdyeo.

G530mbsenyy@o Jmgero gu9dbgds @maos9® xodgl: dobobo = san@g@bs@oggdol obo-
@obo > @gby@lgdoll m3Godogrydo gdhggs = solOygmgds. o3 dmpgeols d@oado bgyo-
65339090 Lodygdom [o@dmopagbl ,,0oy92d30L dgEmdsl®. dogsmomse, myg Jgbgxg@o @o-
3ombos@y@o aoblobmg®ogh, @md X sdmEsbol gy gdsl biodogds 40 Lsdydom Losmo
33005T0, dog@od oo obs@xgds 60 Losmo, gl 0dsl bodbsgl, M ©spgadzol Bobsdo
dobes Oglyalgdol (ssdosby®o godo@smol) s@sLfm@o gom jgasEos. GoEombogy@o mgm-
@00l Jobgogom 989JB 90 FoBmggemds godmmoibogl Lol gds@g® bgysobsgggmy®d dBHMISL,
o256 gl ggoboL3bgano LolFgdol s@om3B0domy@mdsby doymomgdl.

Loy s®m 39b9x396@ 0 godmme 95303909090 @my039@-bEO G900 Jowymdols
(Logical Framework Approach — LFA) dmegmo 5J3gb@l s39mgdl ,,390@ 050096  gmyozebyg™
>JBoy®o ImJdgogdgdo 9bws gdlsbyMgdbmgl dgwgagol (Outputs), boenm dgogygdo — dobbgdl
(Outcomes). bgpaobsogggoyg®o dOmds 53 dmwgedo bdodo 393800690, OMym@O3 ,.o]B0yOm-
3960l ggB0dobsos . dgbgxg®gdo BmznloGgdgmo s@osh 0dsbg, ™I MWobsd IO MIgngdo dyo-
dogo 043696 0053539090 (Busyness), bsigers odobs, @md m@0gbGo@gdsl s3909o0bgb
Ladm@mm 36meydbg. dnwgemols dobgogom, 09 oBoydmdgdo Lodydom @Ml sko@dgdl, gl
0dol 60dbogl, O™ o gadogo 5JB0BOMdgdol Aomwgbmdbds Jgyglodsdms dmizgdya  obpo-
35AMOJo05b.

AgbydLgddy wonydbgdymo bywgols (Resource-Based View-RBV) mgm@os m@asbobsiools
Fom3s®gdol dols gbogogy®d @glydlgdl 935330098l Loxomm Lgddm®do yggesbyg dgodsw
®oMgdyamo @gly@bo 0b@gengd@omy@o s ssdosby®o godo@omos. LEHGsA a0 g0 dgbgx-
d96@40L gl dmwgeo a3o8Mnboagdl, ™I bgaobogggmyg®o dOmds 0fgg3l dgly@Lols ,,0dm®-
Bobogosl. my d9bgxg®o LobEgdo@dydom 04gbgdl bgyoboyzggmy®@ damdsl, ol @gogry@swe
»&odL* @ oboboigools  Jmdsgom  3mEgbEos@l (06653 IOMIgEms X obdBmgenmbols o
E05@mdols badxbg), O3 L@ Y00 mgo@lsb@obom ©sdo®ibgdss, Joygbgosgsm 0dobs,
OmI o gen ggo0sbo Mm3g@siogeo dobsbo dgodangds o gyeoi 0dbgl.

3009® ©A93900L Jog@ 3m3ymsmobgdygmo dJobbgdols dgdggmbdomn do@mgols (Management

by Objectives-MBO) dmwgaro g9eolbdmdl, Gmd 0b5dd0mIganls 53l dgo50m dobbgdo ws ol
05350 9bps dggda@ml msgobo AMol do@mgs 53 dobbgool dobom§ggow [2]. o bgyobsgggmyco
AOHMI>  ganobpgds MO g gy00900L  3@obobo™. g Jmbgangl 9Fg3L  @sdolmgge

48



ogogdols Jgloldgen gdmom, 9l b'dodow dgbgxgdols dogd wogsegdols o g056gb0m do39dols
ob 3MomdodgBgool dywdogo 3gmomgbdol dgogaos. LEMSGIR0o ©sa9adgol bodggbo o]
3e0bgds OMAMM3 3000008 9B g0l 06Gmo305° (AMEgLsE YggmsBgmo  oms9mgogemos,
5M589M0s LEAM>HYH0Y0).

bgdmombodbymo dmegangdols Lobmgbol Lodgsgngdom dgbsdargdgemos gOoGo geo ol-
3860l hodmysmodgds: dgbgxgo, Gmdgeoi LobEgds@ydo® 049bgdl bgasbsyggmy® damdsl,
390 sLOYgdl mogol LHGSE 0P ubiosl, by:

* 396 5begbl 3GMabmbo®gdsl;
* 39 obegbl 3@om@o@g@obsiosl;
* 39 obegbl @gly@Lol sbmagsls.

Ygbododobow, boxs®m Lgddmmols 3gbgxgmols gxolgdbolsls (KPI), gom-goimo godygmgomno
060 @m0 gbos 0gml dobo gybool dog® aoFgumo bgasbsgggmyg®o Losmgdol Gomgbmds.
gl 5@ o@ol dbm@me ,dOmdomo  gmogol® Logombo, gl os@ol LEOsSAga0geo  gbscgdols
5@ Jmbols 3oMesdodo 3@ 30390 gds [3].

Loxo®m  Lgddmado bgyobogggmydo damdol gom-gamo 9dmsgdglo dobgbo LEGs-
A92099€00 3O0MmA0RJBAJo0l dygbmgabgdss. 39b9xdgb@ol mgm®osdo 3bmdogros, MM, MMyl
MOA560bsE0sl 5@ o3l Igogome  0g@s@Jodgdygamo dobbgdo, yggms wogsengds  smoddgds
OMAMOG 300005  360d3bgamgobo™ s ,,a005909dge0®. o3 dmgagbsl  Jo@mdomsw
‘dgodengds ,,3M00003 9B 900l 0bga sz gyfmwme [4]

OmEgbsig dgbgxgdo 390 obgdbgdl LEAMs@gaogeo dobbgbol ™m3gHsiEoygm dm3sbgdsw
LY@ §Osblgmmdszosl, ol bpgds @god@ogeo s s@s3Oms]@ogmo. GgsdBogeo dodmgs 3o
0dols 60dbogl, ®md gyboo Iypdogow ,,bobddol hoJ@mdol @gg0ddo 0dgmaeygds. o3 ©OML
bgaobsgggmygdo dOmds bpgds gohmsg@mo oblE®ydgbBo, GmImomsi dg9bgxgmo oMbl
©5505@sblml oy gadgolsls wsdggdygeo dgamdgdo. LEOSE Y00 ©oy9adg0L ©gB0E0E0 of
3e00b©gds dOMIolygbo@mosbmdols wsdgg0mgdsdo s Lako®ms aoblobrg@ds 0dolbs, My @s s@ol
Mgog o oMgdymmo Lobgedfoxgmgddogo 0b@gdglobomgol s Gs dbm@me dog@m ds-
Aogeo bdsyg@olsmgols.

Lo o@m Lasdloby@do b'dodoe gbgogdom 9.f. ,,0090m305 090 0bg@d 300l ¢gbmdgbls —
390 BOSL, @m@Es Lodydom sgombg as@o@gdygmo bosmgbol @omgbmds 30M©sdo® sSbm-
(30OIos dnbganols @mosgrmdsls s 3md3gHgbiosbmsb. gl s@ols dgbgx g@yero sbOmgbgdols
SO Joygao gm®ds, OmIgaoi gfobssdwgagds dgogaby m@ogbGodgoya ds@mgsls (RBM) [5].

d9bgxg®0, @mIgeoi Fosboolgdl (sb dmombmgl) bgasbsyzggoy® 39domdsl d5dob,
amEgbsi gl 5@ s@ol mdogddyco syEomgdbammdom godm§ggyao, Jdbol ,,989]BgOmdol ogoy-
bool™. @go@@o, Lodydom Losmgdol gobobay®daoggds 0fgggl 3Omoyddogemdbdols dgdio-
M965L. 33093960 bosymyal, G®I dg-10 Lsdydom Losmbg Jmbganol dogd ©sdggdymo dgi-
©mJdgool sSaEndsmmds 3-x90 0bMgds, bowm aswsfyggHomgdbol dJowgdoli Lolf®sxg 50 %-om
d300gds. dglsdsdolop, dgbgxg®o, OmIgeoi bl S0dymgdl bgasbsiggmyd dOMAsl, @yo-
o 5dggomgdl 9Fggdol m3g@sgogem ba®olbl, doybgosgsw odobs, G®I gobysgydow
29600 ,,069301L 37 domdL*.

b9pob53390 900 dOmdol gowgg gOmo dobgbo dgbgxgdOym ©mbgby s@ol bpmdols @
g 900950l bsjangomds. dgbgxg®o, GmIgmoi GEo@mdl gggms ©gBomol doMow  Jmb-
AOmE DY 5ygobsl, bpgds ,,dmmeols ggeo® (Bottleneck) m@asbobszogmo 3@migbgdologols.
J3980a ™30 MobsddOMIem gdo goengdygmo 5M0shb wogmmEmb Jgbgxg®ol LR AL, o3 bdo-

Ao bodydom ol dmaml begds. gl 0f393L xokgn® Ggodiosl: 3gbgxg®ol sMoga39Jdy®o
OO0l do@mgs 50dyggdls doga a9bol, aomsgogl dOmdol bgyobsgggmyd @ggoddo [6].

49



©IEI500950b  ©gBoG0GO  LHOGIR0Y@o ©opgdg0l  Bogodebos, @oepob  bHAHGIH0d
29eolbdmdl o®s dodEm d0bbgol, sModge R gdsdmbomgdgdols oligm aobsfomgdsl, @mdg-
o3 9bOYbggymxal LolGgdol ogBmbmdoy® Rubjaombodgdsl. dgbgxgmo, GmIgamoi oG
960mds mogols 49bol, Mgo@y@o© 5M0s@Mgdl, MM dob gg@ dgdenm jo®gdols Lfmmo dg@hggo,
Jmdbogds 5b gybJiog®do 0bLE®YJESgo.

Loxo®m bgJdm®ol b3gEogogs ageolbdmdls dmmo@ogzg®o mol Fgl®oaol gogamgbsl.
bdo@o  bgaobsiggmydo damds asdmgggmos 3meodosg®o bgaenddmgsbgermdols Ib@oasb
»0594mM3gbgdar0go” dgogaols dmmbmgbom. of geobogds dgbgxg®ol, Gmama 3 ,,LEHOSAJY0 Y0
99960l Gemao [7]

9989J69®d> d9bgx g@ds gbws dgdaml 3mao@ozg®o Inmbmgbgbol yoxgom@gs s dsmo
50093350900 o 9adsMgds olg, @mI o6 dmbegl LobEgdol gmasglbo. my IgbgxgHo ymgge
3@ 0@03960 03379 bl 3obybmdl yubool bgaobsiggmy®o dmdogobsizoom, ols jodysgl swdo-
bolBOoE0Ye dEyMoEMbsl. MogEs330Ls s Ylog®mbmgdol 3mbRgJlEdo gl aoblssym®gdom
Lobogomms, @oasb Lol@gds, @mdgmoi Igedogs® 30390 ©oG300Omgaby I9domdl, jodysgl
@90 @0 3H0bobol @AMl ©sds@gdomo dsanolibdggol gomgdol Ggly@LL.

1935653390900 Aol LolBgds@yg®o as3mygbgdols dgogagdo ddodgs s bdodsw dgvy-
Jaggo@0. 3 WAML dgodangds dmbogl:

e 30mgglboygmo ,a505Fgs", by Loxs®m dmbgeggdols gdmEoyg®o s obogy®o gsdmyod-
35, 053 0(393L 3@godogemdbdols s 0bozos@ogol LOge as@mdbsl;

* 350A930L ©gboMds. 3. 0. 33oE0BOEOYM0  JoEMgdn, AMImado oRolgdgh Mmsgosbm
OO, Brggdgb Loxo®dm Lodbaby®dl, @oi Lobgmdfogml sodygegdls Igedogse bodxmls
@9y Lo sbogo Jomgdols dmdbowgdsdo (9.7, ,wo350a9ao mEbols boadyxo®).

* Fg3emdgdol 49dyms3og@o 989JB0. 0ygeolbdgds bgasbsgggmy®do dOmdolol ©sTgy-
dgemo 33009 JgEremdgdo, GmMImgdo @OMMS 2obdsgamdsdo msbsmsb yOmgogds ©s
J3boll o LoliBgdy®d bomggbgol, GmIgmms asdmlfm@gdsi dmdsgomTo joay YBO™
390 ©ambs s @9by@dLlL dmombmgls.
0dobomgol, @M s@dmogbg@sl bgyobsgggomydo dOmdols dogby 3@ @0gs, SygEoegdgemos

‘dgo3gomml 3969x900l bogdosbmdols dggsligdol 3@0@g@Mogdgdo. 0sbsdgodmgg Loxs®m do@-
ngs>do dgbgxg®o gbws Rolwgdmegls olgmo 0bwogs@m@gdom, MmyM@OESs:

e ©A™Mon0 J8gJAOMLS: ygadogco sdm35bgdol FgbGgmads badydom Losmgddo;

e 239bmol LEsdoma@mbs: Jo®gool gowobgdol @odsgmo dohggbgdgeo s 0obsddGMm-

dgemms 3dogmxzomgdols 0bpglo;

e Dgpobo3ggmngto d0yxgdob @3B0dobo3os: Modwgbow sbg@dbgdls dgbgxgdo @glyg@lgdols

obmagols 30m3gLgdol M3B0dobsiools body by,

‘dgodangds omdgol, ™3 bgasbsgggmyg®o Iamds s@ols s IAmIoldmygs@gmadols, s@sdg
d9bgxgogeo  9dfgmool  godmgaobgds.  Loxodm Lgddmeol @ggm@ds 9bws ©sgnydbml
»&330060 Jo@mngol* 300630350, OmEgLsi LEMoGIR0Ymo ©opagadgs bpgds oblE®Ydgbdo,
Amdgenoz 03ogb Loxos®m dJmbgerols dOmIol @AOML s YbOYbggeygmyals ds@mgol 9939JE%-
AMdsl. obg O™, dgbgxg®o, OmIgaoi JoMmoglh @AM, do@mogl dmdsgoal; boerm dgbgx g®o,
@mdgaroi dbm@me bgyebsgggmgd Losmgdl omgmol, do@mogl Fodlbygmols bodhgbgdls [8].

ho@o@mgdagmo 33 ggol sbogobo boygmal, @M Loxs®m bgddmado bgasbsiggmy®o
dOmIol 70 %-bg FgHo o@s ™mdogdB Yo Fo@OLdsgm@on, s@sdge LEMSGIH0 Yo o gadgol
bo®39bgd00 oMol 2s3m§ggneo. Gmgbsg 9Fygool Lodmdgem agads bgosdodymos ©s o@
0mgoeolifobgdls @gly@ligdol (MM, ssdosbo, 3md3g@gbzos) Mgomaud o ymsiosl, [om-

50



dmodbgds g. §. ,@opgadg0L oggbos”. dgbgxg®gdo bdodsw oFglgdgb s@o@gomy®d gowgdl,

@53 930™ISAOo© 0dygagdl 39OLmboal, aomsgowgl gJbEMgdogy® badydom @ggoddo [9]

b9dmo@bodbyends sbogobds ohggbs olio, MM bgasbs gggmyg®o IOmds bdodow yodmoyg-

bgds AMam@3 L, bEOSAYR00  3m339bLo@mmo®. d9bgxgdgoo dol 0ygbgdgb 03 wobsjomygdols

olsdomsbligdmo, GmImgdoi odmfggymos 3Om3glgdol Fo@mdodmgom, doyg®ms@s@ogeo

o 0Mgdoms s Jmdybogoizool ba@ggbgdom. dglsdsdolo@, bgasbsiggmydo demdols dsmogo

dohggbgdgero  s@ols ,,m@asbobooygmo by gdst, @mdganoi  d0560dbgdls  LoliBgdol dogs
sbmgdom 30m3gLgdby [10].

3320930l Bodaagddo aodmogggms bymo Bybosdgb@ydo doybgds, @GmImgdoi 3gerols

AOooEoYe bgogols bgaobsiggm e Ladydomby:

»3000@0¢ B g0l ©0xgyxbos. d9bgxg@gdols 9IMsgm glmdsl Ykodl LEMsGga0gms© dbo-
‘d3bgermgobo sdm3sbgdol godoxgbs Igm@gbo@olbmgbolspsb. dgogaow, begds Ggly®-
Lgool 2oxob@gs ygges dodo@mygagdom, @o3 bsdydsm ol dmeml Jdbol ©ogylicy-
fgdgeo baddggdol ggdgmegoa® g8adob™

©g®gp003980L dodo, GmIgmoi hbgds 35Tob, GmEs bgasbsiggmy®o IOHMIs YBO™
do@agnos 03 Jggoboymagddo, Lows dgbgxgdo m@ogb@odmgdygemos 3Gm3gbol ©g@sy®
3ObAOMEbg s s@s Lodmamm dgogabg. gl Jdbol ,ommnmol ygamol® g539J@l, Lowss
dongemo 39boo germEgds gOHmo ssdosbols dswsfygg@omgosls;

39O 90 06g@30s. Loxs@m Lodloby®do ggarsg ©mdobodgdl sbHmgbgds, O™ ,,a300-
bmdsdeg os®hgbs bodbogl  gBmygmgdsl. gl bgenmgby@ew  oboby@dmoggdls Lodydsm
30m3gLbL s d30MgdL InEogsEosl, MM bodg Mgy gms@gen Losmgddo olidyeogl;
36mEJBom®dol ds@sembo. LEAsGOLEHYM0 sbognobo ohggbgdl, G™MI bgasbsggo -
@0 Losmgbdols do@gdolmseb gohmow, dgbaygmgdbyao bodygdoml bodolbo gJldmbgbioseney-
@o© J3000g0s. Ymggmmo sds@gdomo Ladygdom ®m (18:00 Lssmol dgdwgy) Lobgardfogm
509%90L 9BO® JgoMo Yxgds (AMAmMA 3 300Es3000 Sbsbwoy®gdom, olig ©sdggdyao
J93emdgdol godmnlfm@gdols bodxom);

350M900l  Egbsemdol Fo@dgmo batixo. LolEgds@dydo bgasbsgggmy®o dOmds s@ols
bmdg® 30M39e0 dobgbo, Mol godmi3 oo 335m0B0(309M0 JoEAd0 Bmggdgb Loxsmm
LgdpmdaL. gl 0ofg93L ,,06LFBYEYO0 IgblogMgdol™ ©sgomygol, @o3 LHOSA Y00
0goebsb@olbom jo@olBOmaygao dgwgagdols dmd@sbos.

b9dmombodbymo dogbgdgdol Logydggabg, dgbgxg@ols LoJdosbmbol dgxslgds gbos @s-

9J39909050mL AoEogomy® goobgogs-aoengaligdsl. dgbgxg®o, GmIgaoi gg® Jo@msgl me-

gobo  a9bwols WAML, 390 bhsomgangds 9839dBuG @owgdsw [11]. gasbgdols sbogno  3@0@g-
®09939ddo dgols:

@3905309m00 ©oli303m0bs. 0 gmolbdgds Modpgbow sbambss Mgsmyg@o Lodydom @M
©5398d0@msb. MmEgloi Lodydom @mol LobEgds@dy®o goob®ds swgds@gos 10 %-L,
9L dgbgxgOge bodggbo 9bws hoomgogmls;

@9L96L 0L @3G0FoboE0s — Hodegboe dmobydbs Igbgx g®ds 3MMEgLgdol sgBMdsBobsoios
ob 203500390 0lg, MM gd30M909aoym 5sdosby@o IOMIol 0bGgbloygdmds;
5©5d0569@0  3330@d@ol Fos@mgs — MobsddBmIgmms ao05Fg0L" 0bpgJlo s yubodo
5O Lgdgeo JoGsmy@o Jaods@ol ©s3gs.

boxs@m ds@mgol 3meg@bobszos 39@L3gdEogsdo — ,,Hom©gbmd@Mogo doy®m@sGoosb™
»bo@olbmd®og dgbgxdgb@ g™ ao@algme.

b9do@b0dbyeo@sb godmdwobs®yg, dgodengds 0mJgsl, @mI bgysbsiggmydo dGMAs s@ols

»3969% 9090 dJoMogo™, @mdgmoi Jabol sBoydo dgdombol oybosl, dopa®sd Lobsdwgoagdo

51



B0Bo3L Lobgardfogm o350s@l [12]. hggbo dgxobgdom, 9Fggdgddo, Lowsi LEAMoGga0eo ©s-
398335 s@ol Ggo@y®o 0bbBOYIghBo s oMo FbmmmE FmOIsy®o M ydgb@o, bgpsbs-
3390900 dOmdols shggbgdgemo 45 Y%-0m ©sdsmos. glsdsdobsw, boxs®m Lgddmaol 90396 9®0
d9domdolomgols >0 gdgemos:

* LEOGIA0Yo >gEoBl ©6gMygs, Moms 3gMompymap dgdmfdrgl, Msdwgboe Tgglo-
353905 ogoagdgdols ImEymmds s@L oy ssdosby® Mgliy@dlgdl;

e (30809mo dmboBm®obyo, b9 Lsdydom bsgowgdol ogdymo semoibgs odobsmgols,
@3 0096308030009l Ldmme@ols ygamgdo® ©s 5M5989JH YO0 3GM3gLgdo;

e dg9bgx g0 gm0 35Lyboldygdmmdol sTgligds, g. 0. bgasbsigzgmy®o Losmgdol bOws J0m-
53060 9bos solobml dgbgxg®ol dmbylls s Mgo@obybg, o ol sodygagdls, aobogls
ABOM 980dH G0 @sdygpdogo.
5dM0y00, bgasbsiggmyg®o IOmds Loxs®m ULgddm®@do @ s@ol dO™Iobdmygze®gmdols

Loddmam; gl oMol LEAMsEgA0Eo ©ogadgol ©gr03E0R0L osabmbo. ey a3bg®dl agJmbogl
d90920 ©> 9989JB9D0 Lobgmdfoxnm s3s@s@0, Loko@ms 5@ ,,09300 I Tomds™, s@sdge ,.&350-
obo I9domds”. 39bgxg®o, MmIganoi bmasgl mogolio aybool gbg@dyosl s MM, Mgogy@dow
bO9bogl Lobgerdfogml a®dgangoosh LEsdoy@mdsby [13].

3320930l gogyo 3odmogggms, MM Loxs®m bsdlboby®do bgysbsiggmyg®o dGmIs 0bm-
@ogdgmo 9J6039M0 bodggbo 3o o@ s@ol, s@sdge 0bLE0GYE0YO0 JaeGgeols bsfomos,
OmIgenoz 3003060 3og3do@dos LEAMoBga0eo 0ogad30l ©0g539]@d9dmsb. Lsdobol@®mmgdls
s 39603035003 gBgddo, Lowsi yosfygg@oegdols dowgdol Ggddo bdoMow 3m@odozyd (304-
gdbge odmzogdyeo, bgysbsgggmydo dOHmds ofze gOmyge® L gbog@mbmgdol dsgodsw®,
Gmdgeroi dgbgxg®gmo IgEremdgdol aomsegemgsl gdbsbymgds. sdobmsb, Gmam® 3 Jos®mggero
3330930960 (3. Tgdgmgaro, 9. Jodwogs) ombodboggh, Jodmya Loxs®dm Lodlsby®do dog-
OM OGP0 g Bas bdoGo mMogbBodgdygmos 3Om3gLbby s s@s dggady, @o3 Jdbols
brmygog® boswogl sM5989]JBYM0 bgasbszggmnydo damdobsmngols.

d969%396B 0l mgm@0sTo (goblsggmegdbom RBV-ols d@oado) sl ycmgds, GmI ssdos-
bydo Agly@Lol gJldengs@oios bodydsm Losmgbdol dJowds 0f393L ,,06¢gegddgsgdo god0-
Aomol ©ga@oEs30sl. MmEglsg boxs®m dmbgarg 39domdl bgaobsiggmydsw, Labgadfogm
Ogo@@o oMol dol 3@go@oyge 3m@gbiosel, @oash @gobo gowswols ,as0s®Mbhgbols
M970d3d0%, Ao 2odm@oibogl 0bmgo0y® sbOMZgbgdsls s 3MMban gdgdol 9839]BNO Aowsk@sl.

LodobolF®mgdol ©mbgbg IYdomds boslbosmpgds Joogo 3mmo@ogzydo 3sbygbolidygs-
@edoms s 3md3mgdlgdo @gam®dgdon. o bgasbsiggmg®o dOmdol 3@9396300Lsmgols dbo-
‘dgbgermgobos Lol gdy®o Jowymds:

* LEOGIA0Yo dJobbgdol ,,Bo@BAS305" S 3G0MA0FIB0LSB0s. bdodow LadoboliG@m-
960 gygges ©ogomgds ,,3Mm0mM0E oS, Moz 073930 Mgly@lgdol gogobBgol. sdo@md
Loko®ms L, LA ga0geo Qom@®@ol® dgdobobdols obgdygs. ymggemo sbogro ogogmgds
9bos Jggnobegl 0dol dobgogom, my @sdwgbow 9Fymdl opo bgal yFygool Fevoydo
LodmJdgom ag9adol gl g gdsl. 0y ogsggds gJld@mmaGgeros, dgbgxdgbBo gomwg-
005 dmobEobml bbgs, bogemgdow 3G0m@0@ B0 ogogdol ©0g3md3gblsigos (gos-
3o©gds), Moms 5@ dmbpgl yubwoli gos@godmgs;

* 3903 0g5@A0 09@3@Jool @3G0dobs30s S I JA0MYdS. doYHMIASGHOYEO L,bMmmEols
490 960“  1s3dobolB®mgddo hbpgds 35Tob, dmEgloE yggms ©myydgbdl Lbiodwgds do-
boliB®ol ob dmoaomol gobo®gds, Gomsi bdodop RgObegds aowsfyzgdoergdols do-
©g65. Logomboli aolodo@@oggdmse dobobdgfmbogmo 0dbgds xegdsdmbogngds dsdlo-
doeny@oe hodmgogl ©g3s@@BedgbGgdols s Lodds®mggermgdol ©mbgbyg. dgbgxgdyero

52



bmdol gob@s Lodygoggdsl doli3gdl Lol gdsl, 0dydoml sgBmbmdoy®d @gg03do, Go3

>0dmxbg®ol ols dmmml ogsmgdgdol ,woaMmmggdol™ g9839]E L.

3960(3035@ 07 9H9dd0 3OMdegds bdoGow @gly@lgdol Lodzodgls s dmdomsdggdmsb
30005300 3md9bogoEosl 9308000 gds. 9939]B O™l gobBwSL, 3oMgger oydo, LioMwgds:

* @3g05(3090 989]GYO™IS s 3B™M3gLgdol >gG™B>G0bS(30s. 39300 bgasbsgggmygdo Los-
00 0bs®xgds GYEobya, 39Jobogy® Lodydombyg, GmIganoi dgodengds hobogmogl 304-
@0 bganlsFymgdom. d9bozods@o@g@®gdds 9bos dgderml ,,60bbgl-30m3g9Lgd0L @gob-
Jobg@os* (BPR). 30369e0 3do0mgganmdols bganls(ymgool (og@mds@obgdygmo wmgydgb-
AOOYbgs o Jmdsasdgms dobowmgdo 3mOEs@gbo) sbgMygs, MM gdoz godmsmsgoliyey-
9ol Loxos®m dJmbganggdol @Ml o bsdysagdsl dolgdl doom gy gmsdgen (o©-
39b0g0) Losmgddo woslidygamb Lodg;

e Ls39Tom EosGgodmgol G7g0L* (Workload Mapping) dgJdbs. dgboiodsmmy®d ombgbg bdo-
@o© bgds K96J(30900L sOsMSbsds®0  gosbsfomgds — bmgogomo msbsdIOmdgeno
9030350 2505G300ME0s, bmao 30 bogergdse. HR Lodloby@gdds gbrs dgddbsls ,,058-
300030l M93900°. my 3mbgMg@ye 3mboizosby LobEgds@dydewe RoJboMwgds bgasbs3gg-
0o dOmds, gl gbps gobpgl Logbogno Fs@gdol m3G0dobszool ob gybjiogools
2o5bsfoggdolomgol o s@s dbm@me ,,obsds@oli goigdol Logyydggeno.
d96gx9®0, @mdgeoi gg® obgdbgdl aubool Lodydom Mol ©siEgsl, gbos gobobo-

@gdmEgl OmamaE Ogbygalgdbol 5MogR8g]H YO0 ddodmggao. boxs®m dmbgamgms dgxsligdols
Fgbdo gbos dgzogl 3380 gds, Lowsi dgbgxg®ol 9839]@n0mdol gom-ghmo 0bwogs@mmo
0d69%> ,,bgaobs33909M0 Losmgdols Jobodobsiools 0bgJlo®. 0y Jggesboymado bgysbsiggmydo
AOMI> 5ko®6gdl Log@mem Lodygdom w@mols 10~15 %-b, 3gbgxg@l gbws wosgmoal La®go@obym
Jaes LEOSE Y0 o gadzol 3md3g@gbiosdo.

Lobgedfogm s3s@s@0l dpg@domds sdmoegdygaos dJmbgamgms gloJmgdmEoy® dogm-
do@gmdobyg. gbws @o0bgAaml ,,a00m0d30L Yy gds (Right to Disconnect). gl s@ols 3m@o@ogo,
@mdeols dJobgegom os@sbodydom Losmgddo (yods g@oBogygeo dgdmbggggdols) dJmbgangls
3Jmbpgl gu@gds 5@ 93sbgbml Ladydom bo®gobs ws [gMomgdl. gl 3@sJBogs ggmm3ol dgg®
J399560d0 99339 3obMbIgdemdom s@OL 2odys®gdymo o bgals 9fgmdls 3GmEYJ@oyemdols
J9bo@hybgdols Lodydom Losmgdols gobdsgammdso.

sliggbs

53050, bgaobsgggoyg®o OHmIol 3OMdagdol Jmggemgds 5@ s@ol dbmenme dHmIomo
9B g6960L o335 gl @0l Lobgandfoxgm do@mgols bodolbol bob@mdo. 3g@l3g]Hogsdo LoJo®-
03geml boxs@em Lodbabymdo gbos hodmysmodogls @mam®3 4330060 m@A560bs300%, Lowss
Jmogo®o 0gbgds oo Lodloby®do ymabols boby@darogmds, s@sdge dowgdygmo asws(yggdomg-
d900l @odgdyemgds o Lobylidy.

>mbodbyano  dogbgdgdo 0dsby Fogmomgdl, O™ LEOSAJY0YEo oagadgs oMol gHme-
000 5bGoME0 doygdmBoGogmo Jombol Fobssmdwgy. d969x9M0, BMIgenoi obwgbls wAMObs
s 9bg®a00l 0bgglEB0Mgdol o gadgsdo, bmasgl Lobgadfogml gobsbligdl, ozogh 3g@Lmbaognols
NobdOMgemdsl s YbOYbggerymals Loxs®m dmdlboby®gdols 9Fyg9@® bo®obbl. 53 Ggnm®dgools
2o@oMgd0m, dYbozodsy@o s (396GHGs@YM0  FdoOMggermds gobegds YBO™ dodbowggeno
do@o 3356003030900 goMgdolmgol, @oi3 Lodmenmm xsddo solobgds dmdogsdgms  jdogm-
Qo gdols o J3gybol LEsdoy® 5630050 9bsoby.

53



ROBIOSBHIBS — REFERENCES

1. J. M. Bryson. Strategic Planning for Public and Nonprofit Organizations. Wiley, 2018.

2. P.F. Drucker. The Practice of Management. Harper Business, 1954/2024.

3. M. H. Moore. Creating Public Value: Strategic Management in Government. Harvard University Press,
1995.

. H. Mintzberg. Managing. Berrett-Koehler Publishers, 2009.

5. C. Hood. A Public Management for All Seasons? Public Administration, 1991.

6. C. Maslach, M. P. Leiter. The Burnout Challenge: Managing People's Relationships with Their Jobs.
Harvard University Press, 2016.

7. OECD. Public Servants in the Post-Pandemic Era: Agility, Capability, and Wellbeing. 2021.

8. F. Lafasto, C. Larson.When Teams Work Best: 6,000 Team Members and Leaders Tell What it Takes to
Succeed. SAGE Publications, 2001/2025.

9. OECD. The Future of Public Service: Building Resilient and Human-Centric Systems. 2024.

10. J. P. Kotter. Leading Change. Harvard Business Review Press, 2012.

11. C. Pollitt, G. Bouckaert. Public Management Reform: A Comparative Analysis - Into the Age of
Austerity. Oxford University Press, 2017/2025.

12. OECD. Building a Resilient Public Service for the Future. 2023.

13. World Bank. Public Sector Performance: Innovations in Governance. 2024.

BUSINESS

OVERTIME AS ANINDICATOR OF INEFFECTIVE STRATEGIC PLANNING IN
THE PUBLIC SECTOR: A CAUSAL ANALYSIS

G. Duchidze

(David Agmashenebeli Georgian National Defense Academy, East European University)

Resume. This article explores the phenomenon of overtime work in the public service as a critical
indicator of managerial inefficiency and strategic planning deficit. The relevance of the study is driven by the
urgent need for public sector modernization, where optimal human resource management serves as the
cornerstone of state resilience. The central hypothesis of the paper posits that systematic overtime is not a
reflection of employee productivity but rather a consequence of managerial failures  including blurred
priorities, poor delegation, and a deeply ingrained culture of “presenteeism”.

The study synthesizes theoretical models, such as Rational Planning and the Resource-Based View
(RBV), with empirical analysis. It specifically examines the dynamics within ministries and municipal
authorities, where political pressure often eclipses strategic calculations. Key findings indicate that excessive
overtime leads to professional burnout, heightens the risk of fatal administrative errors, and triggers the brain
drain of highly qualified personnel, representing a significant hidden economic cost for the state.

The concluding section provides actionable recommendations, including the transformation of
managerial Key Performance Indicators (KPIs), the digital re-engineering of workflows, and the formalization
of the "Right to Disconnect." The paper argues that the 2026 model of public administration must be built on
the principles of "Smart Work," where strategic planning acts as the primary guarantee for both human capital
protection and institutional efficiency.

Keywords: human resource management; managerial efficiency; municipal management; occupational
burnout; overtime work; public administration; strategic planning.
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LIGHT INDUSTRY

ABOUT THE MACROPOROUS STRUQTURE OF NATURAL LEATHER
N. Lomtadze

(A. Tsereteli State University)

Resume. The macroporous structure of natural leather is discussed, one of the main characteristics of
which is the distribution function of the equivalent radius of its pores. Various methods (filtration, air,
permeability, first bubble formation) have been used to study the structure of macropores in dispersed bodies.
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For example, the filtration method based on the permeability of the liquid (with a stepwise increase in pressure)
determines the number of filter pores for the entire area of the macropores.

As a result of experimental research, it was established that the proposed research method allows for a
simple and reliable determination of the distribution function of filtration pores with equivalent radii over the
entire range of leather macropores.

In addition, the results of studies conducted on natural leather show that it contains a small number of
filter pores, the size of which is 4 um or more. The small number of large pores, which may be random,
explains some of the difficulties encountered in obtaining reproducible results with existing methods for
determining water and air permeability.

Keywords: leather; macroporous structure; pressure; speed.
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LIGHT INDUSTRY

SHOE AND HUMAN PSYGHOLOGY
M. Karkashadze, T. Kapanadze

(A. Tsereteli State University)

Resume. The psychological aspects that study how shoes affect the human psyche and emotions, how

they characterize the owner and change his character are discussed. In addition, a method for determining the

optimal heel height is given.
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ARCHITECTURE

A CONCEPTUAL FRAMEWORK FOR SPATIAL DEVELOPMENT OF KUTAISI
AND ITS SURROUNDING MUNICIPALITIES

N. Chkheidze, E. Tsetskhladze
(Georgian Technical University)

Resume. The article discusses a conceptual framework for spatial development of Kutaisi, its
surrounding cities and municipalities, which combines a transport-oriented polycentric structure and a
scenario-based land use analysis. Kutaisi is considered as a regional core, and Tbilisi, Khoni, Zestaponi,
Samtredia, Tskaltubo and Bagdat as functionally specialized development axes. It is noted that such an

approach creates a bridge between spatial planning and the real dynamics of urban growth, which can be an
effective instrument of Georgia's spatial policy.

Keywords: polycentric development; spatial planning; urban growth.
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RAILWAY TRANSPORT

REGULATION OF RAILTRACK RECONSTRUCTION AND PLANNING OF
RECONSTRUCTION MEASURES AT NEW SUPPORTIVE INTERMEDIATE
STATIONS

B. Didebashvili, M. Iadze, T. Kotrikadze, L. Lomsadze, M.Grigorashvili, M. Chaladze

(Georgian Technical University)

Resume. The necessity of establishing support intermediate stations and the issues of regulating track
development and development of reconstruction measures at these stations are discussed, which take into
account the main track development and the maintenance of existing freight-passenger and other equipment.

One of the options for laying tracks at double-track intermediate stations (which are subject to
reconstruction into support) is proposed. The reconstruction (development) should be carried out in the optimal
way, under which less construction work will be performed and relatively small capital investments will be
spent.

Keywords: freight-passenger equipment; main railtracks; receiving-sending tracks; supporting
intermediate station; traction tracks (dead ends).
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RAILWAY TRANSPORT

FREQUENCY ELECTROMAGNETIC CONVERTERS
M. Chaladze

(Georgian Technical University)

Resume. 50 / 25Hz. The main purpose of the frequency converter is to feed the relay circuits by avoiding
obstacles that can be created with a 50 Hz AC current. 50/25 Hz converters have less sensitivity to obstacles
in 25 Hz circuits created by 50 Hz variable current. Their normal operation is not disturbed even with
interruptions that are equal in magnitude to the nominal power of the converter. Even in technical terms, it is
stipulated that the voltage of the 50 Hz harmonics should not exceed 25 Hz 4 % of the output voltage.

Long-term operation of frequency static Converters has shown that 25Hz relay circuits require several
times less power compared to 75Hz relay circuits, and at the same time provide a higher degree of working
capacity at reduced ballast impedance.

Keywords: harmonics voltage; resonant contour; saturation throttle.
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RAILWAY TRANSPORT

METHODS AND MECHANISMS FOR LAYNG AND REPLACING LONG
(SEAMLES) RAILS

M. chaladze, M. moistsrafishvili

(Georgian Technical University)

Resume. Methods for laying long (seamless) rails on the track or replacing worn rails with new ones
are discussed. Technological schemes of existing rails are analyzed and, based on the analysis data, a design
configuration of the mechanism for replacing long (seamless) rails is developed in accordance with modern
requirements.

Keywords: long (seamless) rails; laying rails; rail replacement.
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PHARMACY

PHARMACEUTICAL SECTOR HUMAN RESOURCES MANAGMENT
CHALLENGES

N. Shashiashvili

(Georgian Technical University)

Resume. The effective functioning of the pharmaceutical sector largely depends on the efficient
management of human resources. The recruitment of qualified personnel, their training, and retention represent
some of the most significant challenges within the modern healthcare ecosystem, especially in a context where
the sector rapidly evolves due to technological innovations and changing medical demands. This study aims
to provide a detailed analysis of human resource management practices in the pharmaceutical field, identify
existing challenges, and determine optimal strategies to address them. The results indicate that human resource
management in the pharmaceutical sector requires systemic reforms, innovative approaches, and a continuous
focus on professional development to ensure high-quality service delivery and maintain staff motivation.

Keywords: human resources; motivation; pharmaceutical sector; professional development.
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PHARMACY

ENSURING THE QUALITY OF AMBULATORY PHARMACEUTICAL SERVICES
N. Shashiashvili, B. Simonishvili, N. Bakradze

(Georgian Technical University, Bremen University)

Resume. Measures based on international practices that contribute to improving the quality of medical
services are discussed, in particular, the introduction of standardized services, professional development
programs, strengthening interdisciplinary cooperation, and patient-centered approaches. Outpatient
pharmaceutical services represent one of the important components of the pharmaceutical profession, which
is directly related to public health. The quality of pharmaceutical services to some extent determines the
rational use of medicines and improves the therapeutic outcomes of the patient and general health.

Keywords: ambulatory pharmacy; pharmaceutical education; regulations; service quality.
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IMPRESSIONIST TENDENCIES IN SEVERAL SHORT STORIES AND MINIATURES
BY NIKO LORTKIPANIDZE

N. Macharashvili
(L. Javakhishvili Tbilisi State University)

Resume. From the end of the XIX century, science and technology began to develop very quickly. New
topics appeared — liberal democracy, constitutionalism, and a preference for rational thinking. Against this
background, literature also found a new voice and direction, which reflected the condition of society at that
time. In the age of modernity, reason became the main source of progress. Industrial and technological
development was a priority, and world wars gave strong impulses to this process. This period was also
connected with chaos and a crisis of public consciousness. It is therefore not surprising that new ways of
thinking appeared: morality, power, and other ideas were understood in new ways.

The features of modernism, such as the rejection of the old and the search for a new worldview, were
especially visible in futurism. For this reason, the ideology of modernism itself came under question. These
tendencies later led to tragic events like the atomic catastrophe and the Holocaust. Modernist writers tried to
escape traditional thinking and fixed individuality. This is why the role of the unconscious became important
in modernist creativity. Artists searched in the unconscious for the source of their individuality, which laid the
foundation for symbolism.

In the history of literature, the Georgian impressionist writer Niko Lortkipanidze gives us strong
examples of this. His short stories ,,Tragedy Without Heroes*, ,,The Heart*, ,,The Woman with a Headscarf™,
,,The Belated Flowers*, and others clearly show impressionist tendencies.

Keywords: creativity; development; literature; modernism; short story; thought.
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